Few case studies exist related to hospital accident and emergency department (A&E) quality improvement efforts in lowerresourced settings. We sought to report the impact of quality improvement principles applied to A&E overcrowding and flow in the largest referral and teaching hospital in Rwanda. A pre-and post-intervention study was conducted. A linked set of strategies included reallocating room space based on patient/visitor demand and flow, redirecting traffic, establishing a patient triage system and installing white boards to facilitate communication. Two months post-implementation, the average number of patients boarding in the A&E hallways significantly decreased from 28 (pre-intervention) to zero (post-intervention), p < .001. Foot traffic per dayshift hour significantly decreased from 221 people to 160 people (28%, p < .001), and non-A&E related foot traffic decreased from 81.4% to 36.3% (45% decrease, p < .001). One hundred percent of the A&E patients have been formally triaged since the implementation of the newly established triage system. Our project used quality improvement principles to reduce the number of patients boarding in the hallways and to decrease unnecessary foot traffic in the A&E department with little investment from the hospital. Key success factors included a collaborative multidisciplinary project team, strong internal champions, data-driven analysis, evidence-based interventions, senior leadership support, and rapid application of initial implementation learnings. Results to date show the application of quality improvement principles can help hospitals in resource-limited settings improve quality of care at relatively low cost.
INTRODUCTION
Hospitals and other health care organizations worldwide have increasingly sought to improve patient care quality and operational efficiency. [1] [2] [3] [4] [5] Quality improvement, the management science of continuous improvement in work processes, has become an expected competency in health care organizations and forms the foundation for institutional accreditation. [6] [7] [8] Health care quality improvement efforts draw from a variety of approaches (e.g. TQM, Six Sigma, Lean), yet all share some common principles: understanding process and systems; process measurement and standardization; capacity management (demand, supply, flow); customer focus; and staff engagement. [9] Despite a vast body of literature assessing the impact of health care quality improvement efforts in the United States and in Europe, [3, 4, [10] [11] [12] [13] [14] fewer studies have evaluated hospitalbased quality improvement efforts in low-income countries, particularly in sub-Saharan Africa. [15] Similarly, while ample studies have examined the issue of emergency department overcrowding and flow in the US and Europe, less has been published from resource-challenged regions. [16] [17] [18] [19] [20] Hospital quality improvement efforts in lower-resourced settings are increasingly common [21] and several studies offer specific examples of how these efforts have proved beneficial to the provision of basic care processes, [22] cardiac catheterization lab flow, [23] overall hospital performance, [24] and medical records. [25] Still, few published studies exist related specifically to emergency department quality improvement efforts in low-income countries.
Accordingly, we sought to examine the impact of quality improvement principles applied to emergency department overcrowding and flow in the largest referral and teaching hospital in Rwanda. This effort was part of Rwanda's Human Resources for Health (HRH) program, a national initiative to build the hospital management, physician, and nursing workforce sponsored by USAID and directed by the Rwandan Ministry of Health. [26] Using a peer-mentoring model, HRH partners United States and Rwandese physicians, nurses and hospital managers to build capacity. The Accident and Emergency department (A&E) problems of overcrowding and flow provided an ideal opportunity to leverage the HRH resources and approach toward improving quality while building leadership and management capacity. Findings from this study may be useful for other health care management capacity-building efforts or quality improvement initiatives in resource-challenged settings.
METHODS

Setting
We conducted the study in the Rwanda's largest teaching hospital, which serves as the primary referral hospital for the entire country of almost 12 million people. Rwanda is a small, land-locked country in sub-Saharan Africa. Its health system was completely re-built after the 1994 genocide, and now includes thousands of health posts and centers feeding into a network of 44 district and referral hospitals. Rwanda also offers universal health insurance to its citizens.
The study site hospital has 471 beds and an occupancy rate of 72%. During the fiscal year ending July 2013, the hospital's A&E department served 30,243 patients. Prior to the study, many A&E patients were boarding in hallways. Nurses responsible for hallway patients had little ability to monitor patient status as patients were scattered throughout the busy corridors. There were also many people passing through the department on non-A&E-related business, adding to the crowding.
Although the hallways were congested due to overflow patient beds and traffic, six rooms within the department were underutilized, including one large open area near the ambulance bay. An alcove next to a busy patient, caregiver and staff area was used for dead bodies awaiting transit to the morgue. There was no designated area to triage patients or isolate contagious patients. The compartmentalized layout of the A&E rooms did not facilitate communication, and staff had no easy and consistent way to know department census and capacity.
Study design and sample
We conducted a pre-and post-intervention study to examine the impact of quality improvement principles on crowding and flow in a Rwanda referral hospital emergency department. Pre-intervention baseline data were collected for one month in December 2012 and repeated in June 2013, two months after implementation. The pre-and post-intervention samples involved daily counts of all patients boarding in the emergency department hallways and hourly counts of foot traffic during dayshift hours, excluding on-duty A&E staff.
Intervention
A linked set of strategies was implemented to reduce patient crowding and improve flow. These included reallocating room space based on patient/visitor demand and flow and redirecting traffic based on patient/visitor need and work flow. These changes were facilitated by the establishment of a patient triage system. Implementation began in April 2013 and was continued to monitor over the course of several months.
The primary project team was the A&E Steering Committee, led by the physician head of department. The group included department physician and nursing leadership and staff as well as select HRH faculty, a mix of experienced emergency medicine physicians, nurses and hospital managers.
The A&E steering committee, in collaboration with frontline staff, identified project goals; collected and analyzed baseline data; developed and implemented recommended changes; and evaluated and monitored results. Related to the effort to address overcrowding and patient flow, this group also established a formal patient triage tool and process.
The first step was to re-route non-A&E traffic to outside the department. In March 2013, a new cashier office space was created in the back of an unused sluice area, located just outside the entrance to the A&E department. The preparation of the sluice room was completed in March for the relocation in April. By moving the cashier outside the department, cashierrelated traffic was prevented from moving through A&E and two rooms were availed for patient care. Visitors going to nearby inpatient areas were also re-routed to minimize unnecessary traffic in the A&E. Dead bodies were delivered directly to the morgue.
Space reallocation had the most significant impact on overcrowding. In April 2013, hallway patients and their family caregivers were relocated to what was the previous cashier waiting area. Nurses caring for these patients were now able to see all of their patients in one room versus scattered down a long and crowded hallway. Clear hallways also improved infection control, facilitated egress and reduced overall department chaos. For infection prevention and control concerns, a two-bed isolation room was created in the former cashier's office. Understanding the need for office space for clinicians, a previously underutilized room was converted into an interdisciplinary office and conference room.
A formalized triage bay and process were established in April 2013. The triage location was strategically placed to ensure that nurses could have constant line-of-sight of the ambulance entrance, the triage bay and the non-urgent patient waiting area. The steering committee selected and modified the South African Triage Scale (SATS) as its triage tool. [27] Staff were trained on the triage tool and the associated triage process during March and April 2013. A resuscitation team was formed, trained and assigned to support the new triage process. Staffing patterns and schedules were adjusted accordingly.
A simple visual management technique was used to communicate department status and capacity. A large white board was mounted in the triage bay area to enhance intra-and interdepartmental communication. Important information related to department capacity was listed, including patients pending triage, room census levels, staffing by room, assigned resuscitation team members and key phone numbers. This simple approach provided staff with a real-time understanding of patient demand relative to department resources (staff and room capacity).
Data and measures
Our primary outcome measures were: 1) the number of patients boarding in hallways per day; and 2) the number of people walking through the A&E department (foot traffic) throughout different dayshift hours. The foot traffic data were further divided into A&E-related activities (i.e. staff accompanying patients and on-duty staff walking through A&E) and non-A&E-related activities (i.e. visitors walking to cashier, visitors for inpatient units).
Data analysis
Independent sample t-tests were used to compare the preand post-intervention average number of hallway patients as well as the average number of people walking through A&E (foot traffic) per dayshift hour. A chi-square test was used to compare the pre-and post-intervention percentages of A&E and non-A&E-related traffic. All data analysis was completed using SPSS v.17 statistical software at a significance level of p = .05.
RESULTS
Between September and December 2012, we conducted a baseline assessment. Beginning in September, we observed department patient flow for several days, collecting and analyzing data using department patient registers and direct observation. We analyzed incoming patient volume by day of week, calculated average department census by room and estimated patient length of stay by room. We mapped the department layout, functions and patient flow and assessed over-and underutilized space. In December, we quantified the number of patients boarding in hallways and department traffic by purpose, direction and volume.
In June 2013, two months post-implementation, the average number of patients boarding in the A&E hallways significantly decreased from 28 (pre-intervention) to zero (post-intervention), p < .001. This result has sustained despite a 6% increase in A&E volume during the corresponding period. Foot traffic per dayshift hour also significantly decreased from 221 people to 160 people (28%, p < .001). The chi-square test also indicated a sizeable decrease in non-A&E related foot traffic from 81.4% to 36.3% (45% decrease, p < .001). It is also worth noting that 100% of the A&E patients have been formally triaged using the newly established triage system since late April 2013. Results are summarized in Table 1 .
DISCUSSION
Our project significantly reduced the number of patients boarding in the hallways and reduced unnecessary foot traffic in the A&E department. The seven-month implemen-tation preparation included assessment, planning, training and monitoring. The project cost approximately 1,000 USD. Our project showed a well-designed project with data-driven implementation can successfully reduce overcrowding and improve patient flow with little investment from the hospital.
The project leveraged many quality improvement principles to address emergency department overcrowding and flow, a shared concern of patients, families and staff. A multidisciplinary team, including line staff, was used to define and measure the problem, devise interventions and implement change. Strong internal champions (physician and nursing department leadership) took real ownership of the project. Direct observation and measurement of workflow followed by data-driven analysis were used to understand demand, supply and flow as well as to define current state, root causes and interventions. Senior leadership approval was solicited and obtained in order to assure top-level institutional support for the changes. Detailed implementation planning was conducted, allowing for proper sequencing of changes and adequate training and trouble-shooting. In some cases, like the establishment of the isolation room, this meant delay of implementation until proper staffing levels or other critical enablers could be assured. In other cases, like the handling of the dead bodies, the original recommended approach was not feasible and had to be modified. Initial implementation learnings were identified and applied immediately, resulting in some rapid-cycle modifications to process and tools. For example, during the triage system set up, the team decided to use a whistle to alert the resuscitation team to any critical patient. However, staff informed us that a whistle is associated with the Rwandan genocide and is therefore culturally inappropriate. We immediately switched to a megaphone.
An existing department steering committee was leveraged as the forum for addressing the overcrowding problem and building leadership and management capacity, perhaps one of the most important aspects of this project. The project taught the steering committee how to apply quality improvement principles to solve problems, and as of the writing of this paper, the group continues to meet weekly to apply these principles to other departmental concerns such as linen management and nursing documentation.
The cost of the interventions was minimal, which was critical to the project's feasibility and ultimate success. Creating a cashier's office in the back of an unused sluice space and availing internet access at the new triage desk cost approximately $1,000 US dollars. All needed furniture, equipment and supplies were sourced within the department or hospital at no additional cost.
Our findings should be interpreted in light of several limitations. First, our study was limited to a single organization. Results may differ in other settings, particularly as the impact of quality improvement efforts is highly contextdependent. [13] Second, we could not assess sustainability and further follow-up is warranted, although the implemented changes have remained in place and the results persist as of the writing of this paper. Third, this study did not include measuring any outcome impact on the quality of service. Our study in improving the patient flow, however, was the first quality improvement effort in the A&E department. Since then, some other quality improvement initiatives were conducted in the A&E department to assess some outcomes as a result of this study; including improving A&E staff compliance to the triage process, increasing the completeness and accuracy of the triage process through audits, and reducing door-to-triage and door-to-service times. These quality improvement efforts have yet to produce outcome data but such data will be available as the efforts are further along. Our effort first focused on management improvement; further studies should examine clinical endpoints. Fourth, we recognize the lack of a formal comparison group and use of historical comparisons is a weakness of the study; however, improvements made at this hospital were not seen at peer hospitals over the same time period. Limited resources as well as practical and ethical concerns, as may be expected in a low-income setting, prohibited us from establishing a formal comparison group. This project demonstrates that quality improvement principles can help address emergency department overcrowding in a resource-challenged setting. By focusing on process and systems; capacity and work flow; the patient and visitor experience; and staff engagement, overcrowding has been reduced considerably and departmental flow enhanced. Results to date show that the application of quality improvement principles can help hospitals in resource-limited settings improve quality of care at a relatively low fiscal cost. Although the fiscal cost of the project was modest, the substantial amount of time and effort were spent in assessment, training, implementing change and building leadership capacity of the department and should be recognized.
